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growth rates over the 5 day period (mm/
day), and G v is the average growth rate
of the younger of the two leaves over the
5 day period. Leaf data from 6 shoots were
suitable for making this estimate (Table II).
The estimates of T have a mean of 15.1
days.

The longest unmarked leaf (leaf which
emerged after marking) of the Series 2
stands was 11.0 em in length. Assuming
that this leaf emerged from the substrate
immediately after marking, then its average
growth rate over the 5 day period Was
22 mm/day. The growth rates of the other
leaves on this shoot were 10.4, 1.4 and
o mm/day. Assuming, as above, that all
leaves on a shoot have a similar growth
pattern, and that the observed growth rates
represent instantaneous rates at times 2.5,
17.5, 32.5 and 47.5 days, then the growth
of an individual leaf on this shoot may be
represented as in Fig. 5. This figure
suggests that the growth rate of a leaf
decreases more or less regularly With age,
and cessation of growth occurs sometime
between 35 and 45 days.

25

PRODUCTION PER SHOOT

The concept of an 'average growth rate'
may be somewhat misleading When used in
the sense of 'the average growth rate of
aU leaves in a stand' because (1) it includes
leaves at all stages of maturity growing
at very different rates, and (2) its magnitude
is in part determined by the length of time
dead leaves remain attached to the shoot.
Comparison of data on the number of dead
leaves and the average number of leaves
per shoot (Table I) indicates that the
length of time dead leaves remain attached
to the shoot is influenced by wave action.
The high number of dead leaves at the
Bermuda stand may also have been
associated With a low degree of epiphyte
infestation at that stand. These data show
that the average growth rate of the leaves
in a stand is meaningful only as a
parameter relating production per unit
area to the number of leaves present.
A suggested statistic for the purpose of
comparing growth rates, in the physiological
sense, between different stands is If" the
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FIG. 5. Growth of an individual leaf. Projected from observed growth rates
of four leaves (11' 12 , 1:1' 14,) on a shoot
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average length of leaf tissue produced per
shoot per day. Comparison of the ratios
I s /Is Bath, L 5% /L 5% Bath, and G/G Bath ' in
Table I indicates that variation in wave
action has much less effect on the average
maximum leaf length than on the number
of leaves per shoot. Thus 'average growth
rates' estimated from the leaf length­
growth relation are comparable in the
physiological sense. This is self-evident
from the data in Fig. 3, and is suggested
also by studies in which a high degree of
correlation (rs = 0.96, P < 0.001) was found
between L lO and a strictly physiological
characteristic, the concentration of am­
monium( +amino acid)-N in the rhizomes
(Patriquin, 1971). Is may be estimated
from the G-L5% relation by mUltiplying the
estimate of G by 3.5 (the mean of the two
average no. leaves per shoot values of the
Series 2 stands, Table I); the relation
between Is and L 5% is then given by

Is = 0.735 L 5% - 3.22

where Is is in mm/day and L5% is in cm.
The production of leaf tissue per shoot

is given by

where P s is production in mg leaf tissue/
shoot per day, w is the average leaf width
in cm and c is the dry weight of epiphyte­
free leaf tissue in mg/cm2• Multiplication
of P, by the number of shoots per unit
area gives the production per unit area.
Alternatively, dividing Pm (estimated from
the P/SC ratio) by P s gives an estimate
of the number of shoots per m2 , a statistic
that is often difficult to obtain by direct
count. At one stand, the number of shoots
per m2 estimated by a count of shoots in
a 1/8 m2 area was 488, while the number
estimated by dividing Pm by Ps was 463.

AGE, GROWTH RATES AND PRODUCTION

OF UNDERGROUND PARTS

Shoots of Thalassia have distinct leaf
scars (Fig. 6). Assuming a 15 day periodicity
in development of new leaves, the age of a
shoot can be estimated by counting the leaf

FIG. 6. A portion of an erect shoot with dead
leaf tissue removed to show leaf scars

scars and leaves, and mUltiplying this
number by 15 days. Tomlinson and Vargo
(1966) observed that meristematic tissue
is restricted to the rhizome apex, and
concluded that growth and branching of
the rhizome are restricted to the apical
region of the rhizome. Hence an estimate
of the growth rate of the rhizome may be
obtained by dividing the length of the
rhizome between two shoots by the diffe­
rence in the ages of the two shoots.

Observations of the difference in ages
between shoots on 10 rhizome fragments
sug'gest there is a periodicity in branching
of rhizomes. Of 21 pairs of adjacent
shoots examined, 10 pairs differed in the
number of leaf scars+leaves by 1, and 11
pairs differed by 2. Since leaf scars and
leaves can be counted in only whole
numbers, these observations suggest that
the difference in age between adjacent
shoots does not vary greatly and usually
is some figure between 15 and 30 days. The
average difference in number of leaf
scars+leaves between adjacent shoots Was
1.52 which is equivalent to an average
difference in age of 22.8 days. Estimates of
the average difference in age of adjacent
shoots on 5 rhizome fragments with 5 or
more shoots, and estimated average growth
rates of the rhizomes are given in Ta­
ble III. These and the above data indicate
a periodicity in branching of the rhizome of
the order of 24 days,



FIG. 7. Rhizome growing tip and young erect
shoot. X 1

Since shoots are generally separated by
9, 11 or 13 internodes (Tomlinson and
Vargo, 1966), new scale leaves bust be
produced at intervals of less than 15
days. Several of the rhizome fragments
and associated shoots examined included
growing tips of the rhizomes. The shoot
next to the apex on these fragments
(Fig. 7) had 6 or 7 leaves including scale­
leaves and "intermediates "(Tomlinson and
Vargo, 1966) between scale-leaves and
foliage leaves. The shoot next to the
youngest differed in the number of leaf
scars+leaves from the youngest by 1 or 2,
as described above. Since the interval
between development of new shoots is
estimated as approximately 24 days, the
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first 6 or 7 leaves must be produced Within
this interval. Presumably the change from
a less than 15 day periodicity in
development of scale-leaves as on the
rhizome to a 15 day periodicity in
development of foliage leaves as on shoots
is completed by the time of development
of the 6th or 7th leaf. In aging a shoot
the first 7 leaf scars should thus be
considered to represent 24 days growth,
and each subsequent leaf-scar or leaf can
be considered to represent 15 days growth.
Preliminary studies, made at 17 different
Thalassia stands, indicate that except in
very young stands it is common to find
shoots at least 4~' years of age, and not
uncommon to find shoots 8 to 10 years of age.
The oldest shoot observed was 10.5 years of
age. There are large differences in the
spacing of leaf-scars (i.e. in shoot growth
rates), and these may reflect differences in
sedimentary conditions. In an area where
it was evident that accretion of sediment
was occurring rapidly, the average distance
between leaf scars was 3.2 mm, while in
an adjacent area which appeared to be
qUite stable (well developed epifauna), the
average distance was 0.30 mm.

Production of shoot and rhizome tissue
may be estimated as

Pm=nxGxc

where Pm is the production (g dry wt shoot
or rhizome tissue/m2 per day), n is the
number of shoots or rhizome growing tips
per m2, G is the average growth rate of
shoots or rhizomes (em/day), and c is the
dry wt (g/cm) of shoots or rhizomes. To
determine c it may be neccessary to remove
roots from shoots and rhizomes because of
adherent sediment, and thus production of
root tissue would not be included; this is
probably small in any case. It is generally
difficult to remove underground parts from
the substrate in intact condition. Average
growth rates of shoots and rhizomes may
be estimated by determining the average
internodal distance on fragments of shoots
and the average intershoot distance on
rhizome fragments, and dividing by 15, 24
days. The number of rhizome growing tips
may be estimated by digging up the substrate
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under a given surface area and counting
the growing tips exposed and which float
to the surface.

Because shoot apices may lie well under
the substrate surface, a significant amount
of leaf tissue may be produced underground
that is not included in the estimate of leaf
tissue production above the substrate. This
material is decomposed under the sediment
surface, and thus should be included
in estimates of underground production.
Assuming one new leaf is produced on each
shoot every 15 days, production of leaf
tissue underground may be estimated as

Pm = (n x W x I xc) /15 days

where Pm is production (g dry wt leaf tissue
per m2 per day), n is the number of shoots
per m2 , w is the average leaf width (em),
I is the average depth of the shoot apices
below the substrate surface (em) and c is
the dry weight (g/cm2 ) of epiphyte-free
leaf tissue (Fig. 4).

Estimates of the total plant tissue
production at a Barbados Thalassia stand
and a Bermuda Thalassia stand are given
in Table IV. It can be seen that there may
be significant production of leaf tissue
underground; production of shoot and
rhizome tissue was less than 1/7 of the
total production in these stands.

DISCUSSION

Development of techniques for estimating
age, growth rates and production of marine
angiosperms is obviously dependent on an
understanding of the vegetative morphalogy
of the plant concerned. The vegetative
morphology of the temperate water coun­
terpart of Thalassia, Zostera marina L., has
been studied in detail and estimates of the
age, growth rate and production of this
plant have been made (Petersen, 1914;
Setchell, 1929). Critical morphological
studies of other marine angiosperms are
required. Several of the relationships
reported in the present paper are implicit
in the conclusions of Tomlinson and Vargo
(1966) regarding the development of
Thalassia. For example they refer to
branching of the rhizome as a well ordered,"
"rhythmic" process, and Tomlinson (1970)

remarked that the regular intervals at
which branching occurs seem "to be
determined entirely by the time which has
lapsed since a previous branching." It is
nos surprising then that the present study
indicated a periodicity in branching
of the rhizome. Tomlinson's concept of
separate autonomies of the rhizome and
shoot .is well illustrated by the difference
in periodicity in development of scale­
leaves on the rhizome and foliage leaves
on the shoots.

Since the periodicity in foliage leaf
development appears to be constant
throughout the range of Thalassia distribu­
tion (represented by the Florida stands of
Zieman, 1968, and the Bermuda and
Barbados stands of the present study), the
methods of estimating age and production
of underground parts should be applicable
to Thalassia throughout its range. However
the methods of estimating growth rates
and production of leaves are based on
empirical relations which may vary from
place to place, and perhaps with depth.

According to the hypothesis stated in the
Introduction, maximum leaf length is
determined in part by the rate of infestation
of leaves by calcareous epiphytes. Thus
one might expect a significant difference in
the growth rate-maximum leaf length
relation between areas in which the rate
of infestation by calcareous epiphytes varies
significantly. The degree of epiphyte
infestation was significantly less at Ber­
muda than at Barbados. However, the Is
of the Bermuda stand predicted from the
Barbados I -L5% relation, 2.7 em/day, is in
good agreement with the observed I , 2.8
em/day. There did appear to be somewhat
more "scollaping" of the leaves - Thomas
et al. (1961) attribute this to grazing - at
Bermuda than at Barbados. Still, the
agreement may not be entirely coincidental.
There must be some negative feedback
between leaf length and growth rate; leaf
length per se influences growth rate
through photosynthesis, and growth rate
influences leaf length. Differences in the
lengths of ether sea grasses, for example
as reported for Zostera (Ostenfeld, 1908),
Syringodium and Diplanthera (Phillips,
1960; Strawn, 1961) are probably also related
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to variations in growth rate. Even without
knowledge of the quantitative relation of
growth rate to maximum leaf length, the
maximum length is a useful and easily
obtained statistic.

The production-to-standing crop ratio of
the Bermuda stand, 0.003,1, is close to the
ratios of the Barbados stands. In general
there tends to be poorer growth of
calcareous epiphytes in calm water than in
turbulent water (Land, 1970). This would
tend to result in higher P jSC ratios in calm
water conditions. On the other hand,
leaves tend to remain attached longer
under calm conditions, and this would tend
to result in smaller ratios. While the
relation between production and standing
crop (wet weight including epiphytes) is
theoretically complicated, it may be
reasonably constant.

All observations at Barbados and Bermuda
were made on stands at depths less than
2 m, and there was probably little variation
in the amount of light reaching these
stands. Jones (1968) found that oxygen
production by Thalassia is influenced
mainly by standing crop and the length
of day With illumination greater than
20 lyjhr. Hence it may not be reliable to
use relationships observed for shallow
water stands for estimating growth and
production of deep water stands.

It may be possible to correlate growth of
Thalassia leaves With a leaf statistic
that is not influenced by variation in
environmental parameters, at least not on
a proximate basis. A suggested statistic is
the average length of the youngest leaves
on a number of shoots; the original tips
are almost invariably present on these
leaves. If the growth rate patterns of all
leaves on a shoot are similar, Which seems
likely, then there should be a high degree
of correlation between growth rate and this
statistic. If this is so, then it would be
possible to work out other production-leaf
statistic Telations in any area without
having to make growth rate measurements.

At a time When increasing pressures are
being put on coastal ecosystems, means of
rapidly assessing the various parameters
of these systems are urgently required.
The relationships described, or similarly

determined relationships, provide a basis
for conveniently estimating the follOWing.
(1) Rates of primary production by Thalassia.
(2) N 2 fixation in Thalassia beds ~ studies
by Patriquin (1971) indicate that a minimum
of the order of 11.5 mg N2 are fixed per
gram of Thalassia leaf tissue produced;
thus mUltiplication of production by this
factor gives a minimum estimate of the N 2

fixation associated With Thalassia stand.
(3) Rates of production of sessile organisms
such as calacreous algae, serpulids and
foraminifera on Thalassia leaves - these
can be estimated by multiplying the
quantity of the organisms per cm2 of old
leaf tissue by the production of Thalassia
expressed in terms of cm2 leaf tissue
produced. (4) Sedimentation rates ~

variation in spacing of leaf scars may
reflect variation in sedimentation rates;
this requires further study. (5) Rates cf
development of Thalassia stands _. by
determining the age of underground parts
of l.'halassia it is possible to estimate rates
of succession in the early stages of Tha­
lassia community development. Together
with a knowledge of the growth rates of
rhizomes, this information provides a basis
for predicting the time required for Tha­
lassia to colonize denuded or previously
uncolonized areas.
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NOTE; ADDED IN PROOF Dr. P. B. Tomlinson pointed out to the author that
the parameter "T" (p. 115 and Table II) is referred to as the "plastochrone
interval" by developmental biologists. The youngest 3 foliage leaf primordia
are not included in the counts reported in the present paper; see: Tomlin­
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Sci. Gulf and Carib., 22: 75-93. Dr. Tomlinson suggested also that in the
Florida region there may be seasonal variations in some of the parameters
discussed in the present paper.
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TABLE I

Leaf growth rate and production data of Series 2 stands and a Bennuda stand

WAVE ACTION

No. shoots .
No. leaves ..
Period of observation ..
No. new leaves emerged during period

of observation .
Non-growing leaves, % of total .
Avg no. leaves per shoot " ..
Avg width (nun) .
e (mg/em2 ) .
G (mm/day) .
I s (em/shoot per day) ..
P s (mg'shoot per day) ..
P/SC .
Ls% (em) .
Is/Is Bath ..
Ls% /LS% Bath .
G/GBath .

c estimated, 0 observed.

SERIES 2

I
BERMUDA

BATH ST. LAWRENCE

strang I Moderate Gentle

25 12 13
80 46 54

5 days 5 days 43 hr

8 5 2
12.5 19.6 29.6

3.20 3.83 4.15
14.0 15.1 7.28
5.38 c 5.54 c 4.28 0

7.12 5.31 6.76
2.28 2.04 2.81

17.2 17.0 8.75
0.00375 0.00360 0.00343

36.0 31.5 41.0
1.00 0.89 1.23
1.00 0.87 1.30
1.00 0.74 0.95

TABLE II

Growth rate-leaf length data for estimation of T

-
YOUNGEST LEAF NEXT YOUNGEST LEAF OTHER LEAVES

WITH TIP WITH TIP T
SHOOT

Length

I
(days)G

(em) (mm/day) I Length G Length G

Bath 1 ... 11 15.0 II 27 13.8 I 15 2.0 11.3
Bath 2 ... 8.5 10.4 23 8.6 8.5 0.6 15.7
Bath 3 ... 18.5 11.4 33.5 7.6 24 0 16.8
Bath 4 ... 19 9.0 36 8.4 26.5 0 19.7
SL 5 ...... 17 12.0 30 8.0 1.6 * - 14.0

I
11 0

SL {) ...... 22.5 12.0 33 6.0 5 * - 13.3
9 0.4

'" Leaf emerged after marking.
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TABLE III

Data for estimation of frequency of rhizome branching and rhizome growth rate

123

Distance between Estimated Estimated avgNo. shoots Leaves+leaf Leaves+leaf youngest and difference growth rateon rhizome scars on scars on in age between
fragment youngest shoot oldest shoot oldest shoots successive shoots of rhizome

(em) (days) (mm/day)

8 15 26 45 23.6 2.7
7 11 21 36 25.0 2.4
5 7 13 28 22.5 3.1
5 7 14 26 26.3 2.5
5 19 26 31 26.3 3.0

TABLE IV

Underground production at two Thalassia stands

Barbados

Shoots/m2 488
Avg distance between leaf scars 2.1 mm
Avg growth rate of shoots 0.14 mm/day
Dry wt of shoots 0.041 g/cm

Bermuda

1611
1.5 mm
0.10 mm/day
0.032 g/cm

PRODUCTION OF SHOOT TISSUE 0.28 g/m2 per day 0.52 g/m2 per day

Rhizome growing tips/m2 73
Avg intershoot distance 6.8 cm
Avg growth rate of rhizomes 2.8 mm/day
Dry wt of rhizomes 0.037 g/cm

196
5.2 cm
2.2 mm/day
0.035 g/cm

PRODUCTION OF RHIZOME TISSUE 0.76 g/m2 per day 1.5 g/m2 per day

Depth of shoot apices (range) 18 to 25 cm
Assumed avg depth of shoot apices 21.5 cm
Avg width of leaves 10.2 mm
Dry wt of leaves 4.& mg/cm2

4 to 10 cm
7cm
7.3 mm
4.3 mg/cm2

PRODUCTION OF LEAF TISSUE UNDERGROUND 3.4 g/m2 per day 2.4 g/m2 per day

TOTAL UNDERGROUND PRODUCTION 4.4 g/m2 per day 4.4 g/m2 per day

LEAF TISSUE PRODUCTION (above ground) 3.1 g/m2 per day 14.1 g/m2 per daYI


